INTRODUCTION {#sec1-1}
============

Cyst is defined as "A pathological cavity having fluid, semifluid, or gaseous contents and which is not created by the accumulation of pus."\[[@ref1]\] Odontogenic cystic lesions present with distinct histopathologic features and biologic behavior, which are derived from odontogenic apparatus or its remnants.\[[@ref2]\] Among the various odontogenic cysts, the three most common are radicular cysts (RCs), dentigerous cysts (DCs), and odontogenic keratocysts (OKCs). RCs are inflammatory in origin, were as OKCs and DCs are developmental in origin.\[[@ref3]\]

Most of the RCs are slow growing without achieving a large size. Takeichi *et al*. reported inducible nitric oxide synthase (iNOS) production in RCs and found iNOS presence increased the size of RCs thereby prolonging their pathologic conditions.\[[@ref4]\]

In the year 1956, Philipsen introduced the term OKC which accounts for 3%--11% of all odontogenic cysts. Because of the aggressive growth pattern and neoplastic nature of OKC, it is now designated by the World Health Organization as Kerato Cystic Odontogenic Tumor. The actively proliferating cells are known to express PCNA, Ki-67, p53, and to a lesser extent AgNORs particularly in neoplasms, being expressed more potent in OKCs than any other odontogenic cysts which has provided supportive evidence that OKC is a benign neoplasm.\[[@ref5]\]

p53 is a tumor suppressor gene known to play a pivotal role in the regulation of cell proliferation. p53 protein attained from mutation of p53 gene has increased half-life, which can be detected immunohistochemically. However, wild-type p53 protein can be observed in case of overproduction or stabilization of this protein. Many studies have shown increased expression of p53 in OKCs then DCs and RCs been correlated with ki-67, suggesting p53 protein is related to cell proliferative activities in OKCs.\[[@ref3]\]

The relationship between iNOS and tumor suppressor gene p53 was extensively studied. At sites of inflammation, iNOS is released, which is a calcium-independent cytosolic enzyme induced mainly by cytokines such as interleukin-1ß, tumor necrosis factor and interferon-γ.

Nitric oxide is a product of conversion of L-arginine to L-citrulline by nitric oxide synthase which has 3 isoforms. The 3 isoforms are NOS I (nNOS) neuronal form, NOS II iNOS present in several cell types upon inflammatory stimulation and NOS III (eNOS) constitutive enzyme primarily discovered in endothelium.\[[@ref6]\] With intact p53 in murine model pathway, increased the concentration of nitric oxide results by iNOS inducing accumulation of wild-type p53 protein which promotes apoptosis. This effect is absent in mutant form of p53 protein. Increased expression of iNOS is seen in p53 knockout mice, missing the gene for p53 resulting in the formation of multiple tumors thereby leading to early death.\[[@ref6]\]

Currently, molecules showing a close relation to angiogenesis and carcinogenesis includes various gene products such as iNOS, vascular endothelial growth factor, and cyclooxygenase-2(COX-2).\[[@ref7]\]

According to various studies increased expression of p53 is documented in OKCs, thereby correlation of p53 and iNOS expression may be responsible for the aggressive behavior of OKCs. Cytokines such as Interleukin-α and Interleukin-6 are produced by the epithelial lining cells of OKCs, DCs, and RCs which may activate iNOS expression of the epithelial cells in autocrine fashion.\[[@ref3]\] OKCs, DCs, and RCs may participate in bone resorption and cystic enlargement due to increased nitric oxide production. This is because matrix metalloproteinases are known to play key role in the breakdown of bone matrix which can be activated by nitric oxide. The epithelial lining of OKC appears to have intrinsic growth potential not present in other types of odontogenic cysts. Hence, the present study is to investigate role of iNOS in the pathogenesis of OKCs, DCs, and RCs by evaluating the iNOS expression in the epithelial lining of these cysts.

SUBJECTS AND METHODS {#sec1-2}
====================

The present study was conducted on archived paraffin-embedded tissue specimens of RCs, DCs and OKCs received at the Department of Oral Pathology and Microbiology, Bengaluru. A total of 60 cases which were previously diagnosed as RCs, DCs, and OKCs were retrieved. The H and E stained sections were reviewed, and 20 cases of RCs \[[Figure 1](#F1){ref-type="fig"}\], DCs \[[Figure 2](#F2){ref-type="fig"}\] and OKCs \[[Figure 3](#F3){ref-type="fig"}\] were selected..

![H&E, section of radicular cyst](JOMFP-21-375-g001){#F1}

![H&E, section of dentigerous cyst](JOMFP-21-375-g002){#F2}

![H&E, stained tissue section of odontogenic keratocyst](JOMFP-21-375-g003){#F3}

Two Tissue sections of 3.5 μ thickness were cut and transferred on to APES coated slides were one marked as case and other as control. The sections were deparaffinized and rehydrated. Then the slides were transferred to TRIS-Citrate buffer and antigen retrieval was done using pressure cooker for 15 min. The slides were allowed to cool and then washed in cold TRIS buffer (TBS) solution for 5 min. Slides were treated with 3% hydrogen peroxide for quenching of endogenous peroxidase activity of cells to avoid nonspecific staining. The slides were then dipped in three changes of TBS buffer for 5 min each. The protein block reagent was added on to sections for 10 min and washed in three changes of TRIS buffer. Excess TBS was removed by blotting. Anti-iNOS antibody (1:40 dilution in TBS) was added to section marked as case, and TBS was added to section marked as control. The slides were incubated at room temperature for 1 h 20 min. The slides taken out were washed in cold TBS for 5 min each to remove excess antibody. Then, the slides were blotted dry without touching tissue sections. Then, a drop of biotinylated secondary antibody anti-INOS added on both the sections and the slides were incubated for 30 min and then washed in 3 changes of cold TRIS buffer for 5 min each. Then the slides were blotted dry without touching tissue sections. Then, a drop of streptavidin was added on to both the sections on slide and was incubated for 30 min. The sections were washed in 3 changes of cold TRIS buffer for 5 min each. Then, the slides were blotted dry without touching tissue sections. Then, a drop of freshly prepared DAB (3'diaminobenzidine--tetrahydrochloride a substrate chromogen) was added on both sections. Excess DAB was removed by dipping in TBS and then counterstained with hematoxylin.

A known positive tissue was stained with each batch of slides to serve as positive control. The control tissue on each slide served as negative control.

Evaluation of tissue sections {#sec2-1}
-----------------------------

The stained sections were scanned under low power and brown cytoplasmic staining was termed as positive for iNOS. The sections were visualized by 2 observers and 4 random areas with 40x magnification were chosen and 100 cells were analyzed. Percentage of positive cells was calculated and then categorized as

0 = No staining in any field, 1+ = ≤25% of tissue stained, 2+ = between 25% and 50% stained, 3+ = between 50% and 75% stained, 4+ = More than 75% stained.

Intensity was documented by comparing study samples at scanner view (4x) with the positive control sections by 2 observers independently, according to following scale,

0 = none, 1+ = Weak staining, 2+ = Moderate staining, 3+ = Intense staining. In OKCs, intensity of staining was evaluated separately in both basal layer and suprabasal layer of epithelium.

Statistical analysis {#sec2-2}
--------------------

The results were tabulated and analyzed using statistical software SPSS 16.0. The evaluation of iNOS-positive cells between 2 study groups at a time was done using Mann--Whitney test. Comparison of percentage positivity of cells for iNOS and intensity of stain among 3 study groups was done using Contingency coefficient. Kappa statistics for the two observers were computed for finding interobserver agreement.

RESULTS {#sec1-3}
=======

Tissue localization of iNOS stain {#sec2-3}
---------------------------------

iNOS staining was limited to basal and parabasal layers of the epithelium or seen throughout all layers of the epithelium in OKCs. In 5 of the OKC, sections staining were seen in all layers of epithelium. Whereas 11/20 (55%) showed staining limited to only basal and parabasal layers of the epithelium, 3/20 (15%) presented staining involving only parabasal layer without involving surface portion of the epithelium and only 1/20 (5%) showed staining limited to surface layer of the epithelium. Besides the expression of iNOS in the epithelial lining cells of all the 3 study groups, the reactivity of iNOS was detected in many cells of fibrous connective tissue walls which includes fibroblasts, endothelial cells of blood vessels, macrophages, and some plasma cells.

Comparison of intensity of stain:

Based on the scale of score for intensity1+ → mild intensity2+→ Moderate intensity3+→ Severe intensityRCs (6/20) 31.6% -- showed severe intensityDCs (4/20) 21.1% -- showed severe intensityOKCs (9/20) 47.4% -- showed severe intensity.

(*P* \< 0.233) -- Not significant.

DISCUSSION {#sec1-4}
==========

One of the most common osseous destructive lesions is odontogenic cysts affecting the jaws arising from the epithelial components of the odontogenic apparatus or its remnants.\[[@ref8]\]

RCs being inflammatory in origin whereas OKCs and DCs are developmental cysts. Among these, RCs are the common cystic lesions affecting the jaws. Of these cysts, OKC has clinical importance of aggressive behavior, recurrence risk, and malignant potential. Recently, OKC has been designated by the WHO as KeratoCystic Odontogenic Tumor. However, the neoplastic nature of OKC is still controversial.\[[@ref3]\]

In an attempt to strengthen the clause that OKC is a tumor, we analyzed that iNOS staining in OKC in comparison to DC and RC. Nitric oxide (NO) is a short-lived, endogenously produced gas, suggested to modulate different events such as angiogenesis, apoptosis, cell cycle, invasion, and metastasis.\[[@ref9]\] NO is synthesized by a complex family of enzymes called NO synthases (NOS). Among the 3 isoforms NOS under inductive conditions, iNOS produces NO, which contributes to a variety of pathological phenomena associated with inflammatory processes and cancer formation.\[[@ref3]\]

The present study was a preliminary study being carried out to examine the expression of iNOS in epithelium of all 3 cysts which includes OKCs, DCs, and RCs.

In our study, 20 samples of OKCs were considered among which 13 were noninfected and 7 were infected OKCs. Intensity of iNOS staining in all layers of epithelium in OKCs samples varied. Severe iNOS staining was found in all layers of epithelium in (4/20) cases with moderate staining seen involving basal and parabasal layers of epithelium in (12/20) cases and weak intensity was found involving basal and parabasal layers of epithelium in (4/20) cases. In all infected OKCs staining involved both basal and parabasal layers of epithelium. In noninfected OKCs, (4/20) cases showed staining in all layers of epithelium, with (5/20) of them showing staining involving only basal and parabasal layers and (4/20) cases showing staining involving only parabasal layer of epithelium.

According to a study carried out by Poomswat *et al*., cytoplasmic staining was found in epithelial lining cells in all 20 samples of OKCs. Nuclear staining was also detected, which was likely to be the overlayer of strong intensity of the cytoplasm. Most of OKCs showed strong intensity of iNOS staining.

In the present study, 20 samples of DC were considered. Among which 7 cases were infected DC with 13 cases of noninfected DCs. (4/20) cases showed severe intensity involving all the epithelial lining cells with (9/20) cases showing moderate intensity and (7/20) cases presented with weak intensity.

In the present study, 20 samples of RCs were considered. Variation of iNOS reactivity was seen among all the cases.(7/20) cases expressed severe intensity of staining with (8/20) cases presented with moderate intensity and (5/20) cases showed weak intensity. Apart from epithelial lining cells connective tissue components such as inflammatory cells and endothelial lined blood vessels, fibroblasts showed iNOS reactivity.

In the present study, about 11 cases of OKCs showed 40.7% of severe intensity, with 8 cases of DCs showed 29.6% of severe intensity and 8 cases of RCs showing 29.6% of severe intensity \[Figures [4](#F4){ref-type="fig"}--[6](#F6){ref-type="fig"}\].

![IHC of radicular cyst](JOMFP-21-375-g004){#F4}
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![IHC of odontogenic keratocyst](JOMFP-21-375-g006){#F6}

No statistical difference exists among 3 study samples in regard to intensity of staining with iNOS \[[Table 1](#T1){ref-type="table"}\].

###### 

Distribution of intensity of stain in study groups

![](JOMFP-21-375-g007)

In our study, mean rank of iNOS-positive cells in epithelial lining in 20 cases of RCs was compared with 20 cases of DCs. RCs showed mean rank of 22.73 compared to DCs with mean rank of 18.27 concluding there is no significant difference among these 2 samples \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of mean rank of inducible nitric oxide synthase-positive cells between radicular cysts and dentigerous cysts

![](JOMFP-21-375-g008)

The present study revealed mean rank of 16.88 for iNOS-positive cells in epithelial lining of 20 cases of RCs when compared to mean rank of 24.13 of OKCs. There was a statistical difference in mean rank with the *P* \> 0.049 \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison of mean rank of inducible nitric oxide synthase-positive cells between radicular cysts and odontogenic keratocysts

![](JOMFP-21-375-g009)

Our study analyzed mean rank of 13.90 for iNOS-positive cells in epithelial lining of 20 cases of DCs when compared to 27.10 to OKCs with mean rank of 27.10 concluding a statistical difference in mean rank with the *P* \> 0.000 \[[Table 4](#T4){ref-type="table"}\].

###### 

Comparison of mean rank of inducible nitric oxide synthase-positive cells between dentigerous cysts and odontogenic keratocysts

![](JOMFP-21-375-g010)

The interobserver agreement for percentage of iNOS-positive cells among RCs showed statistically significant results with *P* \> 0.001. No agreement among interobservers for DCs exists. The inter-observer agreement among OKCs showed significant results with *P* \> 0.021 \[[Table 5](#T5){ref-type="table"}\].

###### 

Inter-observer agreement for inducible nitric oxide synthase-positive cells in odontogenic keratocysts

![](JOMFP-21-375-g011)

In general, cells with DNA damage could be arrested or apoptotic by mediation of wild-type p53 protein. Since mutation of p53 gene exists in some OKCs, not in Dentigerous and RCs, it is, therefore, possible that OKCs with mutated p53 gene have a chance to accumulate cells with DNA damage induced by high concentration of nitric oxide.\[[@ref3]\] The present study may contribute to the clinical behavior and neoplastic nature found in some OKCs. The increased percentage of iNOS-positive cells in OKCs when compared to RCs and DCs suggests nitric oxide produced by iNOS may cause DNA damage.

CONCLUSIONS {#sec1-5}
===========

In the present study, 57.1% of OKCs showed high percentage of iNOS-positive cells when compared to 28.6% of RCs and 14.3% of DCs \[[Table 6](#T6){ref-type="table"}\].

###### 

Mean percentage of inducible nitric oxide synthase-positive cells in study groups

![](JOMFP-21-375-g012)

In conclusion, the overexpression of iNOS in OKCs might contribute to the aggressive behavior and malignant potential. Further studies using immunohistochemistry on larger sample size will be helpful in substantiating the neoplastic potential of the epithelium of OKCs.
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